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Abstract  
 
The aqueous solution behaviour of AnIII (An = Am or Cm) in the presence of EDTA4- 
(ethylenediamine tetraacetate), CO32- (carbonate) and OH- (hydroxide) ligands has been probed 
in aqueous nitrate solution (various concentrations) at room temperature by Ultra Violet-Visible 
(UV-Vis) and luminescence spectroscopies (Cm systems analysed using UV-Vis only). Ternary 
complexes have been shown to exist, including [An(EDTA)(CO3)]3-(aq), (where An = AmIII or 
CmIII), which form over the pH range 8 to 11. It is likely that carbonate anions and water 
molecules are in dynamic exchange for complexation at the remaining coordination sites. The 
carbonate ion is expected to bind as a bidentate ligand and replaces two coordinated water 
molecules in the [An(EDTA)(H2O)3]- complex.  
In a 1:1 AmIII:EDTA4- binary system, luminescence spectroscopy shows that the number of 
coordinated water molecules (NH2O) decreases from ~8 to ~3  as pH is increased from 
approximately 1 to 10. This is likely to represent the formation of the [Am(EDTA)(H2O)3]- 
species as pH is raised. For a 1:1:1 AmIII:EDTA4-:CO32- ternary system, the NH2O to the 
[Am(EDTA)]-(aq) species over the pH range 8 to 11 is ~2 to ~3 (cf. ~3 to ~4 in the binary 
system), indicating formation of the  [An(EDTA)(CO3)]3-(aq) species. As pH is further increased 
from approximately 10 to 12 in both systems, there is a sharp decrease from ~3 to ~2 in the 
binary system and from ~2 to ~1 in the ternary system. This is likely to correlate to the formation 
of hydrolysed species (e.g. [Am(EDTA)(OH)]2-(aq) and/or Am(OH)3(s)). 
  
Introduction 
 
The complexation of actinide ions with aminocarboxylate ligands has received much interest 
over the years because of their relevance to nuclear waste streams.1-4 Trivalent actinides behave 
as hard cations, and predominantly participate in ionic bonding with ligands that contain hard 
donor groups.5 In the environment, polyaminocarboxylate donors can exist within humic 
substances, which are formed from the decomposition of organic matter.6 Almost all metal ions 
form thermodynamically stable complexes with humic substances,7 with reported log β values 
for AmIII and CmIII complexation ranging from 6 to 17 at pHs from approximately 4 to 12.8,9-11 
The aminocarboxylate ligand, ethylenediamine tetraacetate (EDTA4-; Figure 1), may be used as a 
model for humic substances present in the environment. This is because EDTA4- contains hard (4 
oxygen) and, in comparison, relatively soft (2 nitrogen) donor groups, which are commonly 
found in humic substances. EDTA4- provides a hexadentate ligand environment and forms 
complexes with relatively high thermodynamic stabilities with most metal ions including AmIII 
and CmIII (log β[Am(EDTA)]- = 16.4 and log β[Cm(EDTA)]- = 16.7, both determined in 0.5 M Na+ 
electrolyte at 25 oC).12 Any remaining metal ion coordination sites in the EDTA complex are 
typically occupied by water molecules in aqueous solutions, or by other ligands that are present 
in solution.13 Secondary ligands are able to bind to f-ion complexes of EDTA4- by displacing 
some of the inner sphere water molecules and result in the formation of a ternary complex. This 
has been shown to occur for actinide and lanthanide complexes of EDTA4- where the secondary 
ligand is nitrilotriacetate (NTA), iminodiacetate (IDA), oxydiacetate (ODA) and citrate (see 
Figure 1).13-16 However, few studies have observed the formation of ternary complexes of the 
actinides or lanthanides with carbonate.17 Actinide complexes of EDTA4-  can be soluble at both 
acidic and alkaline pHs, and may be used as a model to understand the migration and speciation 
of radionuclides in the environment, as well as the behaviour of actinides in various effluents and 
matrices.18 Carbonate is an environmentally important and ubiquitous ligand, being found in 
ground and surface waters at concentrations between 10-2 M to 10-5 M.19 The carbonate ion 
forms strong ionic interactions, due to its bidentate oxygen donors, with cations of the f-
elements.19 These carbonate salts of the 4f and 5f trivalent ions are generally insoluble over 
neutral to alkaline pH values, with solubilities less than 10-8 M.20,21  
We report our studies of the aqueous behaviour of AmIII-EDTA species in the presence and 
absence of carbonate ions using both UV-Vis and luminescence spectroscopies, whilst the 
analogous CmIII species have been investigated using UV-Vis spectroscopy. 
 
 
 
Figure 1. Structures of the EDTA, NTA, citrate, ODA, IDA and carbonate ligands. 
  
Experimental Section 
 
Radionuclide Warning 
243Am and 248Cm are radionuclides with high specific activities that should only be manipulated 
in a specifically designated facility in accordance with appropriate safety controls. All 
spectroscopic measurements were undertaken either in controlled facilities and/or using multiple 
containment procedures. 
243AmIII and 248CmIII studies were performed at Idaho National Laboratory (INL) and stock 
radionuclide solutions were obtained in nitric acid solution. The concentrations of Am and Cm in 
the stock solutions used at INL were determined by ICP-MS. The initial ionic strength of all 
working solutions at INL was 0.5 M NaNO3. 
 
243AmIII luminescence studies were conducted at National Nuclear Laboratory (NNL), Sellafield, 
Cumbria and the AmIII stock solution was received in a hydrochloric medium. This AmIII in 
aqueous chloride solution was evaporated to dryness under a heat lamp, and then re-dissolved in 
an aqueous nitrate solution (2 M). Gamma spectroscopy was used to determine the 243Am 
concentration in samples prepared at NNL.  
All chemicals were reagent grade or higher. Milli-Q water (18 MΩ) was used in preparations of 
all solutions.  Stock solutions of disodium EDTA (Aldrich) and sodium bicarbonate (Aldrich) 
were prepared by dissolution in water.  
Ultraviolet-visible (UV-Vis) absorption spectra of solutions containing 243AmIII and 248CmIII 
were recorded at INL using a Varian Cary-6000i spectrophotometer coupled with a Liquid 
Waveguide Capillary Cell (LWCC) equipped with a fibre optic interface. The cell had an internal 
volume of 2 mL, a 1 m pathlength and an effective wavelength range of approximately 300-
850 nm. Spectra were recorded between 490-540 nm and 350-650 nm for AmIII and CmIII 
containing solutions, respectively, at 0.1 nm intervals. The initial concentrations of the 
[Am(EDTA)]-(aq) and [Cm(EDTA)]-(aq) complexes were 5 × 10-5 M and 2 × 10-5 M, respectively. 
In each titration, appropriate aliquots of the titrant (NaOH or NaHCO3) were added into the cell 
and mixed thoroughly before each spectrum was collected. A set of 10-12 spectra were generated 
for each UV-Vis spectroscopic titration. The electromotive force (EMF, in millivolts) was 
measured with a Metrohm pH meter (Model 713) equipped with a Ross combination pH 
electrode (Orion Model 8102) after each titrant addition. The electrode filling solution was 5.0 M 
NaCl(aq). The linear fit from the electrode calibration was used to calculate the pH from the EMF 
in the metal-ligand titrations. 
Luminescence spectroscopic titrations of 243AmIII containing solutions were conducted at NNL. 
A Quantel Brilliant B Nd:YAG laser, which gave an output of 1064 nm, was used to optically 
pump the tunable dye laser (Quantel TDL-90) after passing through a second harmonic generator 
(output 532 nm) and third harmonic generator (355 nm). The dye laser was tuned to produce the 
desired excitation wavelength of 503 nm for AmIII. Fibre optics were used to focus the emitted 
light onto a Acton SpectraPro 2500i spectrograph combined with Princeton  instruments,  ST-
133 controller and Pi-Max Charged Coupled Device (CCD) camera (0.500 m Imaging Triple 
Grating Monochromator). Data were collected within a gate width of 70 to 120 ns, with a 5.55 ns 
delay width. The instrument was controlled remotely using Winspec software. Data were 
processed using Grams/AI software and analysed by linear regression on Microsoft Excel 2007. 
A daily mercury/argon (HgAr) wavelength calibration was performed before AmIII 
measurements were recorded. For maximum power output of the laser, the Coumarin 500 dye 
had to be changed weekly. The AmIII containing samples were introduced into the luminescence 
cuvette using a flow system. The initial concentration of the [Am(EDTA)]-(aq) complex was 4 × 
10-4 M. A pH electrode (Cole Palmer Model PC1R2A), calibrated using pH 4, 7 and 11 buffers, 
was also fitted into the flow circuit to allow pH measurements to be taken. 
  
Results and Discussion 
UV-Vis Spectroscopy 
AmIII/CmIII -EDTA Binary Systems 
 
The complexation of AmIII and CmIII with EDTA4- as a function of pH has been studied by UV-
Vis absorption spectroscopy (Figures 2 and 3, respectively). The absorption maximum (λmax) of 
AmIII in aqueous 0.5 M NaNO3 solution is found at 503 nm, which corresponds to an electronic 
transition from the 7F0 ground state to the 5L6 excited state.11,22 On complexation with EDTA4-, 
there is a bathochromic shift of the λmax for this transition to 507 nm accompanied by an increase 
in the apparent extinction coefficient (ε*). As the pH of this system is increased from 3 to 11, a 
very small red-shift of the peak maximum occurs coupled with a broadening of the absorption 
profile. This may be due to the deprotonation of the bound ligand, thus causing a change in the 
average denticity of the EDTA ligand to the AmIII cation (i.e. conversion from [Am(EDTAH)](aq) 
to [Am(EDTA)]-(aq)). This has been previously observed in LaIII-EDTA containing systems, 
where the [La(EDTAH)](aq) species is dominant from pH 2 to 4. As pH is increased further in 
this system, the [La(EDTAH)](aq) species deprotonates to form the [La(EDTA)]-(aq) complex 
(Suppl. Info).12  
At pH values greater than 11, the apparent extinction coefficient begins to decrease, which may 
be due to the formation of hydrolysed species (e.g. [Am(EDTA)(OH)]2-(aq) and Am(OH)3(s)). The 
precipitation of Am(OH)3(s) was not directly observed in the experiments, possibly because low 
metal ion concentrations were used (i.e. ≤ 5 × 10-5 M). However, the precipitation of small 
amounts of An(OH)3(s) (An = AmIII or CmIII) must be considered possible at high pH in all of the 
systems studied. In the 1:1 AnIII:EDTA4- binary systems, CO2 was not excluded from the system. 
Precipitates such as Am(CO3)(OH)(s) have been reported to form in CO2 saturated solutions and 
under varying partial pressures of CO2;23 however, it is unlikely that this precipitate would form 
under the conditions used in our study. 
 
 
Figure 2. UV-Vis absorption spectra for the effect of pH on a 1:1 AmIII:EDTA4- system; 
[AmIII]i = [EDTA4-]i = 5 × 10-5 M; Io = 0.5 M NaNO3. Inset: Zoom-in of absorption maxima. 
 
All of the measured CmIII spectra display sharp and relatively weak absorption bands, as 
expected for f-f transitions, upon an intense, broad transition in the UV region of the spectrum 
(see Suppl. Info.). This broad absorption has been previously observed in the spectra of CmIII 
solutions, and has been attributed to radiolytic decomposition of water with time.24 All CmIII 
spectra presented have been adjusted by fitting and subtracting the broad transition in the UV 
region in order to distinguish between changes in the CmIII absorption profile and solvent 
decomposition. The CmIII spectra show absorption bands at 377, 382, 397, 434 and 456 nm 
(Figure 3), of which the most intense band at 397 nm corresponds to the electronic transition 
from the 8S7/2 ground state to the 6I17/2 excited state.4,5 Raising the pH of the 1:1 CmIII:EDTA 
system from pH 4.2 to 10.8 causes a red-shift in all of the transitions, coupled with an increase in 
the apparent extinction coefficient, of the CmIII absorption profile. This is likely to represent an 
increase in the formation of the [Cm(EDTA)]-(aq) complex. Above pH 10.8, the observed 
decrease in the apparent extinction coefficients of the transitions in the CmIII spectra indicates a 
change in speciation which is likely to be due to the formation of CmIII containing hydrolysed 
species (e.g. [Cm(EDTA)(OH)]2-(aq) or Cm(OH)3(s)). 
 
  
Figure 3. Adjusted UV-Vis absorption spectra for the effect of pH on a 1:1 CmIII:EDTA4- system; 
[CmIII]i = [EDTA4-]i = 2 × 10-5 M; Io = 0.5 M NaNO3. 
AnIII-EDTA-Carbonate Ternary Systems 
An = Am and Cm 
 
The UV-Vis absorption spectra of a 1:1 AnIII:EDTA4- system (where An = Am or Cm) have been 
measured as a function of carbonate ion concentration at pH 10 ± 0.5, adjusted using NaOH or 
HNO3 (Figures 4 and 5, respectively). The pH of the 1:1 AnIII:EDTA4- systems were initially 
increased to approximately pH 10, using NaOH, before the addition of carbonate ions. As the 
carbonate ion concentration is increased in the 1:1 AnIII:EDTA4- systems, there is a growth in the 
apparent extinction coefficient and a slight red shift of the absorption maxima. This growth in the 
apparent extinction coefficient, coupled with no evidence for the precipitation of An2(CO3)3 
(likely solubility-controlling precipitate)23 in the presence of EDTA4-, indicates the formation of 
the [An(EDTA)(CO3)]3-(aq) species. The apparent extinction coefficient in the 1:1:X 
AnIII:EDTA4-:CO32- system (where X = 0 to 2) continues to increase up to two equivalents of 
carbonate ions. This is likely to reflect the position of the equilibrium being favoured towards the 
formation of the [An(EDTA)(CO3)]3-(aq) species. It is unlikely that the [An(EDTA)(CO3)2]5-(aq) 
species is formed, which is discussed below (see luminescence spectroscopy section on the 
AmIII-EDTA-carbonate ternary system). 
 
 
 
Figure 4. UV-Vis absorption spectra for a 1:1:X AmIII:EDTA4-:CO32- system (where X = 0 to 2 equivalents); 
[AmIII]i = [EDTA4-]i = [CO32-]i = 5 × 10-5 M; pH = 10 ± 0.5; Io = 0.5 M NaNO3. Inset: Zoom-in of absorption 
maxima. 
  
Figure 5. Adjusted UV-Vis absorption spectra for a 1:1:X CmIII:EDTA4-:CO32- system  
(where X = 0 to 2 equivalents); [CmIII]i = [EDTA4-]i = [CO32-]i = 2 × 10-5 M; pH = 10 ± 0.5; Io = 0.5 M NaNO3. 
 
The effects of pH, adjusted using NaOH, on the absorption spectra of the 1:1:2 
AmIII:EDTA4-:CO32- system are shown in Figure 6. As pH is increased from 10 to 12, the 
apparent extinction coefficient decreases, and a slight red-shift of the peak maximum occurs after 
pH 11. It may be possible that these observations are due to the carbonate anion being replaced 
by the hydroxide ion/s above pH 11. It has been reported that hydrolysed minor actinide species 
are likely to dominate over minor actinide carbonate complexes at pH values near 11.23 
 
 
 
  
 
Figure 6. UV-Vis absorption spectra for the effect of pH on a 1:1:2 AmIII:EDTA4-:CO32- system; 
[AmIII]i = [EDTA4-]i = 5 × 10-5 M; [CO32-]i = 1 x 10-4 M; Io = 0.5 M NaNO3. Inset: Zoom-in of absorption maxima. 
 
Time Resolved Laser Induced Fluorescence Spectroscopy of 243AmIII 
 
Time-resolved laser induced fluorescence spectroscopy (TRLIFS) can be used to study AmIII  
complexation with organic ligands in aqueous solution by determining the number of 
coordinated water molecules in the first coordination shell of the AmIII ion.25  The time-resolved 
emission spectra of the AmIII(aq) ion, upon excitation at 503 nm, show emissions at approximately 
691 and 833 nm (Figure 7), which are due to the 5D1  7F1 and the 5D1  7F2 transitions, 
respectively.26 Typically the emission band at 691 nm is used to probe AmIII complexation 
behaviour due to the relatively high emission intensity,11,25-27  therefore, only this band has been 
analysed in the work presented here. A plot of the intensity of the signal at λmax vs. the gate delay 
(see Suppl. Info.) illustrates the exponential decay of the signal after each 10 ns delay. A plot of 
ln(intensity)  vs. the gate delay (see Suppl. Info.) gives a linear fit, from which the luminescent 
lifetime (τ) can be calculated using equation 1. 
 
𝜏 = − 1
𝑚
 
 
(Equation 1) 
where: τ = luminescent lifetime (ns); m = gradient. 
 
The luminescence lifetime of the AmIII(aq) ion in 0.02 M HNO3 aqueous solution was calculated 
to be 24.1 ± 1.2 ns at room temperature (RT). This is in good agreement with previously reported 
luminescence lifetimes of AmIII(aq), which range from 22 to 25 ns at 22 to 25 oC in 0.01 to 0.10 M 
HClO4 solution (pH not specified).11,26,27 
  
 
 
Figure 7. The time-resolved emission spectra of the AmIII(aq) ion; [AmIII] = 4 × 10-4 M; I = 0.02 M HNO3. 
 
The luminescence lifetimes can subsequently be used to determine the inner-sphere hydration 
number of the metal ion (NH2O), thereby providing information on the metal ion coordination 
environment in solution.11 We have used the equation derived by Kimura et al.28 to calculate the 
NH2O coordinated to the Am
III ion in various solution conditions from the luminescence lifetimes 
(equation 2).  
 
𝑁H2O = �2.56 × 10−7𝜏 � − 1.43 (Equation 2)28 
 
The value of the NH2O coordinated to the Am
III
(aq) ion in 0.02 M HNO3 is calculated to be 
approximately nine. There are reports that detail nine inner-sphere water molecules associated 
with the AmIII(aq) ion in aqueous solutions (pH not specified), characterised using absorption and 
luminescence spectroscopies, and ten water molecules coordinated to the AmIII(aq) ion in dilute 
aqueous chloride solutions (pH not specified) determined by X-ray Absorption Fine Structure 
(XAFS) spectroscopy.29 The structure of the [Am(H2O)9]3+ species (crystals grown from 
trifluoromethanesulfonate media; pH not specified) has been reported previously, where the 
AmIII ion coordinates in a tri-capped, trigonal prismatic geometry.29,30 In accordance with the 
luminescence and absorption spectroscopies performed on aqueous solutions of the AmIII ion, as 
well as the reported structure of the [Am(H2O)9]3+ species, it is assumed that the AmIII(aq) 
coordination number will be nine for the purposes of this work. 
 
AmIII-EDTA Binary System 
 
The 1:1 AmIII:EDTA4- system in aqueous nitrate solution (2 M) has been examined using 
luminescence spectroscopy. The initial value of the NH2O coordinated to the Am
III
(aq) ion at pH 
0.5 in 2 M aqueous nitrate solution is calculated to be 7.6 (no EDTA4-(aq) present), which may 
correspond to some formation of the [Am(NO3)(H2O)7]2+ species in concentrated aqueous nitrate 
solutions (as shown in the speciation diagram; see Suppl. Info). On addition of EDTA4-(aq) to this 
solution, this causes the luminescence lifetime to increase and it continues to do so as pH is 
raised from approximately pH 1 to 12 (see Suppl. Info.). Subsequently, the NH2O bound to the 
AmIII ion in this system decreases (Figure 8). This indicates that as pH is increased, the 
equilibrium between the free AmIII(aq) ion/the [Am(NO3)]2+(aq) complex and the EDTA4- ligand 
with the [Am(EDTA)]-(aq) complex is favoured towards complex formation, as expected. This 
reduction in NH2O bound to the Am
III ion causes the luminescence lifetime to increase as there are 
fewer OH oscillators to quench the AmIII excited state.24 At pH 10.5, the NH2O bound to the Am
III 
ion is calculated to be approximately three, which can be represented by the 
[Am(EDTA)(H2O)3]- species. At pH 12, the NH2O bound to the [Am(EDTA)]
-
(aq) species reduces 
to 1.8, and so hydrolysed species are likely to be formed (i.e. [Am(EDTA)(OH)]2-(aq) and 
Am(OH)3(s)). 
 
 
 
Figure 8. The effect of pH on the NH2O bound to the Am
III ion in the 1:1 AmIII:EDTA4- ([AmIII]i = [EDTA4-]i = 
4 × 10-4 M; in approx. 2 M nitrate solution) and 1:1:1 AmIII:EDTA4-:CO32- systems ([AmIII]i = [EDTA4-]i = [CO32-]i = 
4 × 10-4 M; in approx. 2 M nitrate solution).  Average percentage error bars have been included for all plots of 
NH2O vs. pH. 
Taking the assumption that the only species present in solution between pH 1 to 10 are 
[Am(H2O)9]3+/[Am(NO3)(H2O)7]2+ and [Am(EDTA)(H2O)3]-, the NH2O determined by 
luminescence can be used to assess the speciation of AmIII ion in the presence of EDTA4- (and its 
protonated analogues) with respect to pH (Figure 9).  This speciation diagram shows that the 
percentage formation of the [Am(EDTA)]-(aq) complex increases from approximately 24 % to 
85 % over the pH range 3.5 to 10.0. 
 
 
 
Figure 9. Plot of the percentage formation of the [Am(EDTA)(H2O)3]-(aq) species as a function of pH. 
 
The stability constants for [Am(EDTA)]-(aq) (log β[Am(EDTA)]- = 16.4 in 0.5 M Na+ electrolyte at 
25 oC), [Am(NO3)]2+(aq) (log β[Am(NO3)]2+ = 0.2 in 2 M NH4ClO4 electrolyte at 25 
oC) and 
Am(OH)3(s) (log β[Am(OH)]2+ = 6.4 in 0.7 M NaCl electrolyte at 20 oC) have been previously 
determined using potentiometry.12 The speciation diagram for the 1:1 AmIII:EDTA4- system, 
derived from these known equilibrium constants is displayed in Figure 10.12 This shows that 
from pH 0 to 2, the [Am(NO3)]2+(aq) species dominates the speciation of the AmIII ion, whilst 
from pH 2 to 11, the [Am(EDTA)]-(aq) species is dominant. Hydrolysis of the AmIII ion to form 
[Am(EDTA)(OH)]2-(aq) and Am(OH)3(s) is expected to dominate at  pH greater than 11.  
 
 
 
Figure 10. Speciation diagram of a 1:1 AmIII:EDTA4- system as a function of pH using the JCHESS code.31 Total 
[AmIII] = total [EDTA4-] = 4  x 10-4 M; [NO3]- = 2 M. Only soluble species are shown. Thermodynamic data 
obtained from the integrated JCHESS database, as well as Martell and Smith (corrected to zero ionic strength using 
the Davies Equation).12 
 
Am3+(aq) 
[Am(NO3)]2+(aq) [Am(EDTA)]-(aq) 
Differences in the speciation diagrams presented in Figures 9 and 10 suggest that other equilibria 
may be present at both acidic and alkaline pH. For example, in the acidic pH region, there may 
be an equilibrium between the [Am(EDTAH)](aq) and [Am(EDTA)]-(aq) species (i.e. pentadentate 
vs. hexadentate EDTA4- coordination). Similarly, at alkaline pH, the [Am(EDTA)]-(aq) complex 
may be in equilibrium with the hydrolysed species, [Am(EDTA)(OH)]2-(aq). Therefore, as the 
formation constants of the [Am(HEDTA)](aq) and [Am(EDTA)(OH)]2-(aq) species are unknown, 
discrepancies in the calculated speciation diagram (Figure 10) may occur. 
Possible structures of these solution species, which cause the discrepancies between the 
speciation diagrams derived from potentiometry and luminescence spectroscopy for the 1:1 
AmIII:EDTA4- system, are proposed in Figure 11. Although the equilibria between these species 
are likely to occur in the pH range studied, the formation of these species will not cause the 
gradual change of NH2O from ~8 to ~3 / 4 over pH 1 to 10 observed by luminescence 
spectroscopy. 
 
 
 
Figure 11. Possible structures of; A) [Am(HEDTA)(H2O)4](aq); B) [Am(EDTA)(H2O)3]-(aq) and C) 
[Am(EDTA)(OH)(H2O)2]2-(aq) species. 
 
The differences between the speciation diagrams illustrated in Figures 9 and 10 is most likely 
due to the established log β[Am(EDTA)]- value of 16.4 (determined in 0.5 M Na+ electrolyte at 
25 oC) not being correct for the system that we have used in the luminescence studies (approx. 
2 M NaNO3 at room temperature). A replot of the speciation diagram, keeping all other factors 
the same as Figure 10 but reducing the log β[Am(EDTA)]- value from 19.6 (established value 
corrected to zero ionic strength) to 14 (hypothetical value), is shown in Figure 12. The reduced 
log β[Am(EDTA)]- value causes a relatively gradual increase in the concentration of the 
[Am(EDTA)]-(aq) species as pH is raised from 2.7 to 8 (compared to [Am(EDTA)]-(aq) speciation 
in Figure 10), which gives a reasonable correlation with the speciation profile obtained from our 
luminescence experiments. Therefore, indicating the log β[Am(EDTA)]- value in 2 M NaNO3 is 
lower than what might be expected from previous studies. The predicted speciation profile shows 
a decrease in the concentration of the [Am(EDTA)]-(aq) species above pH 8 due to the formation 
of insoluble hydrolysis products. However, it is expected that a soluble hydrolysed species, 
[Am(EDTA)(OH)]2-(aq), forms above pH 8, but has not been modelled in the speciation diagram.  
  
  
 
Figure 12. Speciation diagram of a 1:1 AmIII:EDTA4- system as a function of pH using the JCHESS code with a 
reduced log β[Am(EDTA)]- value compared to Figure 10.31 Total [AmIII] = total [EDTA4-] = 4  x 10-4 M; [NO3]- = 2 M. 
Only soluble species are shown. Thermodynamic data obtained from the integrated JCHESS database, as well as 
Martell and Smith (corrected to zero ionic strength using the Davies Equation).12 
 
AmIII-EDTA-Carbonate Ternary System 
 
Luminescence spectroscopy performed on the 1:1:1 AmIII:EDTA4-:CO32- system as a function of 
pH, adjusted using NaOH, shows that the luminescence lifetime of the excited AmIII species has 
increased in the presence of carbonate ions compared to when carbonate ions are absent in the 
system (see Suppl. Info.). It is likely that the carbonate anion is replacing inner-sphere water 
molecules in the [Am(EDTA)]-(aq) complex, and so decreasing the number of OH oscillators that 
[Am(EDTA)]-(aq) 
Am3+(aq) 
[Am(NO3)]2+(aq) 
quench AmIII luminescence. Overlaying the data for the NH2O bound to the Am
III ion in the 1:1 
AmIII:EDTA4- and the 1:1:1 AmIII:EDTA4-:CO32- systems shows a decrease in the NH2O 
coordinated to the [Am(EDTA)]-(aq) complex from ~3 / ~4  to ~2 / ~3, over the pH range 8 to 11 
(Figure 8). This is indicative of the carbonate anion either in dynamic exchange with water 
molecules for coordination to the [Am(EDTA)]-(aq) complex (Figure 13), and/or only a fraction 
of the [Am(EDTA)]-(aq) complex is converted to the [Am(EDTA)(CO3)]3-(aq) species under these 
solution conditions. Above pH 11, the NH2O coordinated to the [Am(EDTA)]
-
(aq) complex 
decreases to 1.4. This is likely to correlate to the formation of hydrolysed species 
(e.g. [Am(EDTA)(OH)]2-(aq) and/or Am(OH)3(s)).   
 
 
 
Figure 13. The exchange of H2O and CO32-(aq) for complexation to [Am(EDTA)]-(aq). 
  
An excess of carbonate ions added to the 1:1 AmIII:EDTA4- system showed no significant 
difference in the luminescence lifetime of the [Am(EDTA)(CO3)(H2O)]3-(aq) species. Therefore, it 
is unlikely that two carbonate anions are coordinating to the [Am(EDTA)]-(aq) complex. 
  
CO32-(aq) 
2 H2O 
Conclusions  
 
We have provided a deeper qualitative insight into the nature of minor actinide coordination 
chemistry in mixed-ligand environments over a wide pH range. The formation of An-organic and 
mixed [An(organic)(inorganic)]n-(aq) complexes (i.e. An = Am or Cm, organic = EDTA, and 
inorganic = OH- or CO32-) increase the solubility of minor actinide ions at high pH.  
In AnIII:EDTA4-:CO32- ternary systems, the interaction of CO32- with [An(EDTA)]-(aq) complexes 
was predominantly observed over the pH range 8 to 11. Use of luminescence spectroscopy to 
calculate the NH2O bound to the Am
III ion in the 1:1 AmIII:EDTA4- and the 1:1:1 
AmIII:EDTA4-:CO32- systems over the pH range 8 to 11, showed a reduction in NH2O in the 
ternary system compared to the binary system. This suggests that equilibria between binary and 
ternary species exist in solution. 
In experiments where AnIII:EDTA4-:CO32- ternary complexes were shown to exist, when the pH 
is greater than 10, it is likely that hydroxide replaces the carbonate in preference to EDTA4-. This 
is due to the greater thermodynamic stability of the multidentate ligand. 
At low pH values between 2 to 3, the [An(EDTAH)](aq) species may be dominant in the systems 
studied (cf. [La(EDTAH)](aq) species).12 However, there are no reported log β values for the 
formation of the [An(EDTAH)](aq) species.  
It is envisaged that the determination of metal ion speciation using a combination of  UV-Vis 
and luminescence spectroscopies could be applied to new characterisation challenges faced in 
the future of the nuclear industry. 
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